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(57) Resin (106) for shielding neutrons is provided 
at the outer periphery of a shell main body (101) that 
shields the y-rays. Basket (1 30) is constructed of a plu- 
rality of angular pipes (132) having neutron absorbing 
property. The inside of a cavity (102) of the shell main 
body (1 01 ) is processed to match its shape with the ex- 
ternal shape of the basket (130), and the angular pipes 
(132) are inserted into this cavity (102) to be brought 
into contact with the inner surface of the cavity (102). 
Used nuclear fuel aggregates are accommodated and 
stored in latticed cells structured by the angular pipes 
(132). Thermal conductivity of decay heat generated 
from the used nuclear fuel aggregates is improved as 
the outer surface of the angular pipes (132) and the in- 
ner surface of the cavity (102) are indirect contact with 
each other. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a cask for ac- 
commodating and storing used nuclear fuel aggregates 
after the nuclear fuel has been combusted. This inven- 
tion relates to a cask having improved thermal conduc- 
tivity and higher accommodation capacity, being com- 
pact in size and light in weight. 

BACKGROUND ART 

[0002] A nuclear fuel aggregate that is at a final stage 
of a nuclear fuel cycle and that has finished combustion 
and cannot be used anymore is called a used nuclear 
fuel aggregate . The used nuclear fuel aggregate in- 
cludes a high radioactive material such as FP and is 
therefore necessary to be thermally cooled. For this pur- 
pose, the used nuclear fuel aggregate is cooled in a 
cooling pit at a nuclear power plant during a predeter- 
mined period of time (3 to 6 months) . Thereafter, the 
cooled used nuclear fuel aggregate is accommodated 
in a cask that is a shielding vessel, and the used nuclear 
fuel aggregate accommodated in the cask is carried to 
a reprocessing facility by a track and the like, and is 
stored there. For accommodating the used nuclear fuel 
aggregate into the cask, a holding element having a lat- 
ticed cross section called a basket is used. Each used 
nuclear fuel aggregate is inserted into each of cells that 
are a plurality of accommodation spaces formed in the 
basket. With this arrangement, a proper holding force is 
secured for holding the used nuclear fuel aggregate 
against vibrations during the transportation. 
[0003] As prior examples of such a cask, various 
kinds of casks have been disclosed in, for example, the 
"Nuclear Eye (in Japanese), Nikkan Kogyo Shuppan 
Production, issued on April 1 , 1998, and Japanese Pat- 
ent Application Laid-open Publication No. 62-242725. A 
cask based on which the present invention has been 
made will be explained below. It should be noted that 
this cask is shown for the convenience of the explana- 
tion, and does not correspond to a publicly known or 
publicly used one. 

[0004] Fig. 19 is a perspective view showing one ex- 
ample of a cask. Fig. 20 is a cross-sectional view of the 
cask cut along an axial direction of the cask shown in 
Fig. 19. A cask 500 is constructed of a cylindrical shell 
main body 501 , resin 502 as a neutron shielding unit 
provided on an outer periphery of the shell main body 
501 , an external cylinder 503, a bottom section 504, and 
a lid section 505. The shell main body 501 and the bot- 
tom section 504 have been forged from carbon steel as 
y-rays shi Iding units. The lid section 505 consists of a 
primary lid 506 and a secondary lid 507 made of stain- 
less steel or the like. The shell main body 501 and th 
bottom section 504 are connected together by butt- 
welding. The primary lid 506 and the secondary lid 507 



are fixed to the shell main body 501 by bolts made of 
stainless st el. A metal-made 0-ring exists between th 
lid section 505 and the shell main body 501 , thereby 
holding an airtight condition inside the used nuclear fuel 

5 aggregate . 

[0005] Between the shell main body 501 and the ex- 
ternal cylinder 503, a plurality of internal fins 508 are 
provided for carrying out a thermal conduction. Copper 
is used for the internal fin 508 to increase the thermal 

10 conductivity. The resin 502 is injected in a fluid state into 
spaces formed by the internal fins 508, and is cooled 
and solidified afterward. The basket 509 has a structure 
of having 69 angular pipes 510 assembled in a bundle 
as shown in Fig. 19, and is inserted into a cavity 511 of 

is the shell main body 501 in a constrained state. 

[0006] The angular pipes 51 0 are made of aluminum 
alloy having neutron absorbing material (e.g. boron: B) 
mixed into it in order to avoid the used nuclear fuel ag- 
gregate from reaching a crilicality. On both sides of a 

20 cask main body 512, trunnions 513 (one is not shown 
in the drawing) are provided for suspending the cask 
500. Further, on both ends of the cask main body 512, 
there are installed buffers 514 (one is not shown in the 
drawing) that have wood built inside thereof as a buff- 

2s ering material. 

[0007] When actually manufacturing the cask 50O, it 
is usually necessary to investigate on design conditions 
such as the number of used nuclear fuel aggregates, 
and their sizes and weights, etc. Specifically, it is pref- 

30 erable that the cask can accommodate a large number 
of used nuclear fuel aggregates, has a small external 
diameter, and has lightweight. However, according to 
the structure of the above cask 500, as the angular pipes 
51 0 are in line contact with the inner surf ace of the cavity 

35 511 at the outermost periphery, a space area Sis formed 
between the basket 509 and the cavity 511 . Therefore, 
the thermal conduction from cells 515 to the shell main 
body 501 cannot be carried out efficiently. Further, as 
the diameter of the shell main body 501 becomes large 

to because of the existence of the space area S, the cask 
500 has a heavy weight. 

[0008] On the other hand, the volume of radiation that 
is leaked to the outside of the cask is prescribed by the 
total volume of neutron and y-rays. Therefore, in order 

45 to reduce the weight of the cask 500, the thickness of 
the shell main body 501 may be made smaller. However, 
because of the 7-rays shielding unit : the cask is requir d 
to have a thickness that is sufficient enough to secur 
a 7-rays shielding function at the shell main body 501 

so side. While the cask 500 can accommodate the uncon- 
ventional number of 69 fuel assemblies, this number of 
accommodating the used nuclear fuel aggregates is re- 
duced when the diameter of the shell main body 501 is 
made smaller in the structure to accommodate th used 

55 nuclear fuel aggregates within a predetermined weight. 
[0009] It is an obj ct of the present invention to pro- 
vide a cask that has any one of the following. That is, 
improved thermal conductivity, higher accommodation 
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capacity, compact size, and light weight. 

DISCLOSURE OF THE INVENTION 

[0010] The cask according to this invention has the 
shape of the inside of a cavity of a shell main body that 
has a neutron shielding unit at its outer periphery and 
shields the y-rays is matched with the external shape of 
a basket that has latticed cells structured by a plurality 
of angular pipes having neutron absorbing property, 
whereby each used nuclear fuel aggregate is accommo- 
dated in each cell of the basket inserted into the cavity. 
[001 1 ] Each used nuclear fuel aggregate generates a 
radiation and has decay heat. The used nuclear fuel ag- 
gregates are accommodated into the cells of the basket 
structured by angular pipes. The shape of the inside of 
the cavity of the shell main body is matched with the 
external shape of the basket. Therefore, when the bas- 
ket is inserted into the cavity, the angular pipes at the 
outside are brought into a plane contact with the inner 
surface of the cavity. As the shape of the inside of the 
cavity is matched with the externa! shape of the basket, 
no space area is generated between the angular pipes 
and the cavity. Therefore, the decay heat is efficiently 
conducted from the basket to the shell main body. 
[0012] Further, as there is no space area inside the 
cavity, it is possible to make smaller the external diam- 
eter of the shell main body. On the other hand, when the 
external diameter of the shell main body is made the 
same as that of the shell main body as shown in Fig. 1 9, 
it becomes possible to insert more angular pipes. As the 
angular pipes have the neutron absorbing property, the 
angular pipes do not reach the criticality when the an- 
gular pipes have accommodated the used nuclear fuel 
aggregates. The y-rays that has been generated from 
the used nuclear fuel aggregates is shielded by the shell 
main body, and at the same time, neutron is shielded by 
the neutron shielding unit. 

[0013] According to the cask of next invention, in the 
cask of the above-mentioned invention, a part of the in- 
side of the cavity is matched with the external shape of 
the basket. It is not necessary to match the shape of the 
whole inside of the cavity with the external shape of the 
basket. When the shape of only a part of the inside of 
the cavity is matched with the external shape of the bas- 
ket, it is also possible to obtain the same operation and 
effects as those of the cask of the above-mentioned in- 
vention. 

[001 4] In other words, when the shape of a part of the 
inside of the cavity is matched with the external shape 
of the basket, it is possible to secure a contact area be- 
tween the inner surface of the cavity and the angular 
pipes, and at the same time, it is possible to make small- 
er the space area within the cavity. Therefore, it is pos- 
sibl to efficiently carry out a thermal conduction. Fur- 
ther, it is possible to make small r the ext rnal diameter 
of the shell main body by the portion of the space area 
that has been reduced. On the other hand, when the 



external diameter of the shell main body is left as it is, 
it becomes possible to increase the number of accom- 
modating the used nuclear fuel aggregates. 
[0015] According to the cask of next inv ntion, in the 

5 cask of the above-mentioned invention, the shape of ei- 
ther one of the inner surface of a cavity of a shell main 
body that has a neutron shielding unit at its outer periph- 
ery and shields the y-rays or the outer surface of a bas- 
ket that has latticed cells structured by a plurality of an- 

10 gular pipes having neutron absorbing property, is 
matched with the shape of the other whereby each used 
nuclear fuel aggregate is accommodated in each cell of 
the basket inserted into the cavity. 
[0016] The used nuclear fuel aggregates accommo- 

13 dated within the cells of the basket have a radiation and 
decay heat, and this decay heat reaches the outer sur- 
face of the basket through the cells. As the outer surfac 
of the basket and the Inner surface of the cavity are in 
contact with each other by matching the shape of one 

20 of these surfaces with the shape of the other, the decay 
heat is efficiently conducted from the basket to the shell 
main body, and is radiated to the outside. When the 
shape of the inner surface of the cavity is matched with 
the shape of the outer surface of the basket, there is no 

25 space area inside the cavity. Therefore, it is possible to 
make smaller the external diameter of the shell main 
body. On the other hand, when the shape of the outer 
surface of the basket is matched with the shape of the 
inner surface of the cavity, it becomes possible to insert 

30 more angular pipes. 

[0017] In this case, in matching the shape of one of 
the outer surface of the basket and the inner surface of 
the cavity with the shape of the other, for example, the 
shape of the inner surface of the cavity may be matched 

35 with the shape of the outersurface of the basket, thereby 
plane processing the inner surface of the cavity. Alt r- 
natively, the shape of the outer surface of the basket 
may be matched with the shape of the inner surface of 
the cavity, thereby shaping the cells of the outer periph- 

40 ery. The above contact state does not necessarily mean 
that the inner surface of the cavity and the outer surface 
of the basket are always in complete contact with each 
other, but that this contact state also includes a state 
that there is a slight gap or the contact is temporarily 

is cancelled. 

[0018] According to the cask of next invention, in the 
cask of the above-mentioned invention, dummy pipes 
are further provided, and the shape of a portion within 
the cavity that has room in the thickness of the shell main 

so body is matched with the shape of the dummy pipes, 
whereby the dummy pipes are inserted into the cavity 
together with the basket in a state that the dummy pipes 
are in contact with the angular pipes. 
[0019] When the shape of the inside of the cask is 

55 matched with the external shape of the bask t, the thick- 
n ss of the shell main body becomes inhomogeneous. 
However, when the shell main body has secured a pr - 
determined thickness for shielding the y-rays, the other 
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additional thickness portion becomes a cause of in- 
creasing the weight of the cask. Ther fore, in the cask 
of this aspect, the shape of a portion within the cavity 
that has room in the thickness is matched with the shape 
of the dummy pipes, and the dummy pipes are inserted 
into this portion, thereby reducing the weight of the cask. 
[0020] Further, as the dummy pipes are inserted into 
the cavity in a state that they are brought into contact 
with the angular pipes, the dummy pipes work as a me- 
dium for conducting heat from the angular pipes to the 
shell main body, and also have a function of pressing 
the angular pipes together to keep them in contact with 
each other. Based on this arrangement, it becomes pos- 
sible to improve the thermal conductivity between the 
angular pipes . Further the shape and the number of 
dummypipes are suitably selected as necessary. The 
state of keeping the dummy pipes in contact with the 
angular pipes means that they are not necessarily al- 
ways in complete contact with each other, as is the case 
with the above aspect. 

[0021] According to the cask of next invention, in the 
cask of the above-mentioned invention, auxiliary shield- 
ing units for shielding the y-rays are further provided at 
portions of the outermost side of the shell main body 
that has a small thickness of the shell main body. 
[0022] When the shape of the inside of the cavity is 
matched with the external shape of the basket, for ex- 
ample, the thickness of the shell main body becomes 
small at a corner portion of the basket. Therefore, the y- 
rays shielding capacity is lowered at this portion. Thus, 
the auxiliary shielding unit is provided at this portion, 
thereby increasing the y-rays shielding capacity. In pro- 
viding the auxiliary shielding unit at the outside of the 
shell main body, the auxiliary shielding unit may be pro- 
vided at a position where the auxiliary shielding unit is 
in contact with the outer surface of the shell main body. 
Alternatively, the auxiliary shielding unit may be embed- 
ded into the neutron shielding unit with a slight distance 
from the outer surface of the shell main body. The ma- 
terial of the auxiliary shielding unit may be the same as 
that of the shell main body, or may be different from the 
material of the shell main body so long as the material 
has a the y-rays shielding capacity. 
[0023] According to the cask of next invention, in the 
cask of the above-mentioned invention, spacers are 
provided between a cavity of a shell main body that has 
a neutron shielding unit at its outer periphery and shields 
the y-rays and a basket that has latticed cells structured 
by a plurality of angular pipes having neutron absorbing 
property, whereby each used nuclear fuel aggregate is 
accommodated in each cell of the basket inserted into 
the cavity. 

[0024] When the basket is inserted into the shell main 
body having the cavity of a cylindrical shape (see Fig. 
19), the basket and the cavity are brought into a line 
contact with each oth r. Further, a spac ar a is g ner- 
ated insid the cavity. Therefore, the decay heat of the 
used nuclear fuel aggregates is not easily conducted 



from the cells to th shell main body. Thus, in this aspect, 
spacers are inserted into between the cavity and the 
basket, thereby liminating the space area and increas- 
ing a substantive contact area. Heat is conducted 
5 through these spacers. 

[0025] For these spacers, it is possible to use spacers 
of the same material as that of the shell main body and 
having a semicylindrical cross section, or spacers of the 
same material as that of the cells and having hollow- 
to shaped cross section formed by extrusion or pressing. 
Further, spacers may be provided in all spaces between 
the cavity and the basket, or spacers may be provided 
at only necessary portions. Based on the above struc- 
ture, the thermal conductivity from the cells to the shell 
15 main body is improved. 

[0026] According to the cask of next invention, in the 
cask of the above-mentioned invention, a plurality of an- 
gular pipes that constitute the basket are integrated to- 
gether before they are inserted into the cavity. When 
20 each one angular pipe is inserted into the cavity, the 
cask assembly work becomes troublesome, and a con- 
tact interface between the angular pipes interferes with 
the improvement in thermal conductivity. Thus, a plural- 
ity of angular pipes that constitute the basket are inte- 
rs grated together. With this arrangement, it becomes pos- 
sible to collectively insert the angular pipes into the cav- 
ity, which simplifies the assembling work. As no contact 
interface exists, the thermal conductivity is improved fur- 
ther. 

30 [0027] The cask according to the next invention com- 
prises a basket having a plurality of latticed cells formed 
for accommodating used nuclear fuel aggregates, by 
bundling a plurality of angular pipes having a neutron 
absorbing material added to a structural material; a shell 

35 main body having a cylindrical cavity that has been 
forged from a y-rays shielding material, and that is plane 
processed by matching the shape of the inside of this 
cavity with the external shape of the basket constructed 
of the angular pipes; and a neutron shielding unit having 

^0 a plurality of internal fins extended between the shell 
main body and an external cylinder, and for shielding 
neutrons filled in a space formed by the shell main body, 
the external cylinder and the internal fins, whereby the 
angular pipe are sequentially inserted into the cavity to 

45 structure the basket while bringing the outer surface of 
the basket into contact with the inner surface of the cav- 
ity. 

[0028] A radiation and decay heat are generated from 
the used nuclear fuel aggregates that are accommodat- 

50 ed in cells. This decay heat reaches the outer surfac 
of the basket through cells adjacent to the correspond- 
ing cells. The inside of the cask is plane processed to 
match the external shape of the basket, and the out r 
surface of th basket is in contact with the inn r surface 

55 of the cavity. Therefore, the decay h atiseffici ntly con- 
ducted to th shell main body. The decay heat that has 
b en conduct d to the shell main body is radiated from 
the external cylinder mainly through the internal fins. On 
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the other hand, th neutron that has been generated 
from the used nuclear fuel aggregates is absorbed by 
the neutron absorbing material, such as boron, for ex- 
ample, that has been added to the pipes. Thus, the neu- 
tron is prevented from reaching the criticality. The y-rays 5 
is shielded by the shell main body, and the neutron is 
shielded by the neutron shielding unit. 
[0029] Further, by bringing the outer surface of the 
basket into contact with the inner surface of the cavity, 
it is possible to avoid the space area as shown in Fig. 
1 9. Therefore, it is possible to make smaller the external 
diameter of the shell main body. On the other hand, 
when the external shape of the shell main body is made 
the same as that shown in Fig. 19, it becomes possible 
to insert more angular pipes into the cavity. 
[0030] The cask according to the next invention has . 
the shape of the inside of a cavity of a shell main body 
that has a neutron shielding unit at its outer periphery 
and shields the y-rays is matched with the external 
shape of a basket that has a latticed angular cross-sec- 
tional shape by alternately combining in an orthogonal 
direction a plurality of plates having neutron absorbing 
property, whereby each used nuclear fuel aggregate is 
accommodated in each cell of the basket inserted into 
the cavity. 

[0031] Further, in a similar manner to that explained 
above, it is possible to avoid the space area and, there- 
fore, it is possible to make smaller the external diameter 
of the shell main body. On the other hand, when the ex- 
ternal diameter of the shell main body is made the same 
as that shown in Fig. 19, it becomes possible to insert 
more angular pipes into the cavity. As the angular pipes 
have the neutron absorbing property, the angular pipes 
do not reach the criticality when the angular pipes have 
accommodated the used nuclear fuel aggregates. 
[0032] According to the cask of next invention, in the 
cask of the above-mentioned invention, a part of the in- 
side of the cavity is matched with the external shape of 
the basket. It is not necessary to match the shape of the 
whole inside of the cavity with the external shape of the 
basket. When the shape of only a part of the inside of 
the cavity is matched with the external shape of the bas- 
ket, it is also possible to obtain the same operation and 
effects as those of the cask of the ninth aspect. 
[0033] According to the cask of next invention, in the 
cask of the above-mentioned invention, dummy pipes 
are further provided, and the shape of a portion within 
the cavity that has room in the thickness of the shell main 
body is matched with the shape of the dummy pipes, 
whereby the dummy pipes are inserted into the cavity 
together with the basket in a state that the dummy pipes 
are in contact with the plates. 

[0034] Further, as the dummy pipes are inserted into 
the cavity in a state that th y are brought into contact 
with the plates, th dummy pip s work as a medium for 
conducting heat from the bask t to the shell main body. 
Based on this arrangem nt, it becom s possible to im- 
prove the thermal conductivity from the basket to the 



shell main body. The slate of keeping the dummy pipes 
in contact with the plates means that they are not nec- 
essarily always in complete contact with each other as 
is the case with the above aspect. 
[0035] According to the cask of next invention, in the 
cask of the above-mentioned invention, when the bas- 
ket is constructed by combining the plates, a thermal 
conductive plate having a contact with the cavity wall is 
provided at the end of each plate positioned at the outer 
periphery of the basket. 

[0036] According to the cask of next invention, in the 
cask of the above-mentioned invention, when the bas- 
ket is constructed by combining the plates, a thermal 
conductive plate is provided between the end of each 
plate positioned at the outer periphery of the basket and 
the end of the other plate. 

[0037] Based on the provision of a thermal conductive 
plate between the ends of the plates, the thermal con- 
ductive plates are brought into a plane contact with th 
internal surface of the cavity of the shell main body. 
Therefore, it becomes possible to improve the thermal 
conductivity from the plates to the shell main body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Fig. 1 is a perspective view showing a cask re- 
lating to a first embodiment of the present invention; Fig. 
2 is a cross-sectional view of the cask cut along a radial 
direction of the cask shown in Fig. 1 ; Fig. 3 is a cross- 
sectional view of the cask cut along an axial direction of 
the cask shown in Fig. 1 ; Fig. 4 is a flowchart showing 
a method of manufacturing an angular pipe; Fig. 5 is an 
explanatory view showing a state of a cross-section of 
the angular pipe; Fig. 6 is a perspective view showing a 
method of inserting the angular pipes; Fig. 7 is a sche- 
matic perspective view showing an apparatus for 
processing a cavity; Fig. 8 shows schematic perspective 
views for explaining a method of processing the cavity; 
Fig. 9 shows perspective views of a modified example 
of a basket; Fig. 10 is a top plan view showing another 
modified example of the basket; Fig. 11 is a top plan 
view showing still another modified example of the bas- 
ket; Fig. 1 2 is a perspective view showing a cask relating 
to a second embodiment of the present invention;' Fig. 
13 is a cross-sectional view of a cask cut along a radial 
direction of the cask relating to a third embodiment of 
the present invention; Fig. 14 is a cross-sectional vi w 
of a cask cut along a radial direction of the cask relating 
to a fourth embodiment of the present invention; Fig. 15 
is a cross-sectional view of another cask cut along a ra- 
dial direction of the cask relating to the fourth embodi- 
ment of the present invention; Fig. 1 6 is a cross-section- 
al view of a cask cut along a radial direction of the cask 
relating to a fifth mbodiment of the present inv ntion. 
Fig. 1 7 is a view for xplaining a structure of a basket of 
the cask shown in Fig. 16. Fig. 18 is a viewfor explaining 
a structur of a basket of th cask shown in Fig. 1 6; Fig. 
1 9 is a perspective view showing one example of a cask; 
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Fig. 20 is a cross-sectional view of the cask cut along 
an axial direction of the cask shown in Fig. 19. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0039] A cask relating to the present invention will be 
explained in detail below with reference to the drawings. 
It should be noted that the present invention is not lim- 
ited to the following embodiments. 
[0040] Fig. 1 is a perspective view showing a cask re- 
lating to a first embodiment of the present invention. Fig. 
2 is a cross-sectional view of the cask cut along a radial 
direction of the cask shown in Fig. 1 . Fig. 3 is a cross- 
sectional view of the cask cut along an axial direction of 
the cask shown in Fig. 1 . A cask 1 00 relating to the first 
embodiment is provided by mechanically processing the 
inner surface of a cavity 102 of a shell main body 101 
to match the shape of the inner surface of the cavity with 
the shape of the outer periphery of a basket 130. The 
mechanical processing of the inner surface of the cavity 
102 is carried out by milling the cavity 102 with an ex- 
clusive processing apparatus to be described later. A 
shell main body 101 and a bottom plate 104 have been 
forged from carbon steel having a y-rays shielding func- 
tion. A stainless steel may also be used instead of the 
carbon steel. The shell main body 101 and the bottom 
plate 104 are connected together by welding . Further, 
in order to secure a sealing function of a pressure-re- 
sistant vessel, a metal gasket is provided between a pri- 
mary lid 110 and the shell main body 1 01 . 
[0041] A resin 1 06 that is a high polymer material in- 
cluding much hydrogen and having neutron shielding 
function is filled between the shell main body 101 and 
an external cylinder 105. Further, a plurality of copper 
internal fins 1 07 for carrying out a thermal conduction is 
welded between the shell main body 1 01 and the exter- 
nal cylinder 1 05. The resin 1 06 is injected in a fluid state 
into spaces f ormed by the internal fins 1 07, and is cooled 
and solidified afterward. It is preferable that the internal 
fins 1 07 are provided in a high density at a portion where 
there is much heat quantity, in order to homogenize the 
heat radiation. A thermal expansion margin 1 08 of a few 
mm is provided between the resin 1 06 and the external 
cylinder 105. This thermal expansion margin 108 is 
formed in the following process. First, a vanish type hav- 
ing a heater embedded into a hot melt adhesive or the 
like is disposed on the inner surface of the external cyl- 
inder 105, then the resin 106 is injected into this and 
solidified, and the heater is heated to melt the adhesive 
to flow it out thereby forming the margin (not shown). 
[0042] A lid section 1 09 is constructed of the primary 
lid 110 and a secondary lid 111. This primary lid 110 is 
made of stainless steel or carbon steel having a y-rays 
shielding function, and is form d in a disk shape. The 
secondary lid 111 is also made of stainless steel or car- 
bon steel, and is formed in a disk shape. On the upper 
surface of th secondary lid 111 , a resin 112 is seal d 
as a neutron shielding unit. A metal gasket is provided 



between th primary lid 110 and the secondary lid 111, 
and betwe n the secondary lid 111 and the shell main 
body 101, respectrv ly, thereby holding the internal 
sealing. An auxiliary shielding unit 115 having a resin 
5 114 sealed therein is provided around the lid section 
109. 

[0043] On both sides of a cask main body 116, trun- 
nions 117 are provided for suspending the cask 100. 
While Fig. 1 shows a state that the auxiliary shielding 

10 unit 115 has been installed, this auxiliary shielding unit 
1 1 5 is taken out and buffer units 1 1 8 are installed on the 
cask 100 at the time of carrying the cask 100 (see Fig. 
2). The buffer units 1 1 8 have a structure that a buffering 
material such as a read wood material 119 has been 

15 built into an external cylinder 120 that is prepared by a 
stainless steel material. The basket 130 is constructed 
of 69 angular pipes 132 that structure cells 131 for ac- 
commodating used nuclearfuel aggregates. For the an- 
gular pipes 1 32, there are used an aluminum composit 

20 or an aluminum alloy that is prepared by adding a pow- 
der of boron or a boron compound having neutron ab- 
sorbing property to a powder of Al or an Al alloy. Inst ad 
of boron, cadmium may also be used for the neutron 
absorbing material. 

25 [0044] Fig. 4 is a flowchart showing a method of man- 
ufacturing the angular pipe. First, a powder of Al or an 
Al alloy is prepared based on a rapid cooling solidifica- 
tion method such as an atomizing method (step S401). 
Then, a powder of boron or a boron compound is pr - 

30 pared (step S402). Both particles are mixed together for 
10 to 15 minutes with a cross rotary mixer or the like 
(step S403). 

[0045] For the above aluminum or aluminum alloy, 
there may be used any one of pure aluminum metal, Al- 

35 Cu aluminum alloy, Al-Mg aluminum alloy : Al-Mg-Si alu- 
minum alloy, Al-Zn-Mg aluminum alloy, and Al-Fe alu- 
minum alloy. For the boron or boron compound, there 
may be used B 4 C, or B 2 0 3 . It is preferable that the vol- 
ume of boron to be added to aluminum is within the 

40 range of not less than 1 .5 weight % and not more than 
7 weight %. When the volume is less than 1 .5 weight %, 
it is not possible to obtain a sufficient neutron absorbing 
property, and when the volume is larger than 7 weight 
%, a stretch at the time of tension is lowered. 

45 [0046] Next, the mixed powder is sealed into a rubber 
case, and is applied with homogeneous pressure by CIP 
(Cold Isostatic Press) from all directions at a normal 
temperature, thereby carrying out a powder molding 
(step S404). The CIP molding is carried out under a con- 

50 dition that the molding pressure is 200 MPa, the diam- 
eter of a molded product is 600 mm, and the length of 
the molded product is 1 ,500 mm. Based on the applica- 
tion of homogeneous pressure from all directions by th 
CIP, it becomes possible to obtain a molded product of 

55 high density with small variation in th density of th 
molded product. 

[0047] N xt, the powder molded product is sealed into 
a can in vacuum, and this is heated to 300 °C (step 
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S405). In this degassing process, th gas component 
and water component within the can is removed. At the 
next step, the vacuum degassed molded product is 
remolded by HIP (Hot Isostatic Press) (step S406). The 
HIP molding is carried out under a condition that the 
molding temperature is within a range from 400 °C to 
450 °C, the molding time is 30 seconds, the molding 
pressure is 6,000 tons, and the diameter of the molded 
product is 400 mm. Then, in order to remove the can, 
the outside and the end surfaces are cut (step S407), 
and the billet is hot extruded by using a porthole extruder 
(step S408). The extrusion is carried out under a condi- 
tion that the heating temperature is within a range from 
500 °C to 520 °C, and the extrusion speed is 5 m/min. 
This condition is suitably changed based on the weight 
of boron included in the billet. 

[0048] After the extrusion molding, the shape of the 
billet is corrected by tension (step S409), and a non- 
steady portion and an evaluation portion are cut out, 
thereby providing a finished product as an angular pipe 
(step S410). The completed angular pipe has a square 
shape with 162 mm for one side of a cross section, and 
151 mm for an internal side. A minus tolerance of di- 
mension is 0 because of the required standard. The R 
of an inside angle is set to 5 mm, and the R of an outside 
R is set to 0.5 mm to have a sharp edge. 
[0049] When the R of the edge portion is taken large, 
a stress applied to the basket 130 is concentrated to a 
specific portion (near the edge) of the angular pipe 132, 
whichbecomes a cause of damaging the basket. There- 
fore, by providing the angular pipe 132 with a sharp 
edge, a stress applied to this angular pipe is transferred 
straight to the adjacent angular pipe 132, which makes 
it possible to avoid a concentration of the stress to a 
specific portion of the angular pipe 132. As another 
method of manufacturing the angular pipe 132, the 
present applicant has already filed an application "Bas- 
ket and Cask" on May 27, 1 999. Therefore, the angular 
pipes may be manufactured by referring to this method. 
[0050] Fig. 6 is a perspective view showing a method 
of inserting the angular pipes. The angular pipes 132 
manufactured in the above process are sequentially in- 
serted into the cavity 102 along a processing shape 
within the cavity 102. As each angular pipe 132 has a 
bending and a twist and also as the minus tolerance of 
dimension is 0, the angular pipes 132 cannot be easily 
inserted into the cavity 1 02 because of the influence of 
the accumulation of the tolerance and the bending. 
When an attempt is made to compulsively insert the an- 
gular pipes 132 into the cavity 102, an excessive stress 
is applied to the angular pipes 132. To avoid this prob- 
lem, the bending and the twist of the whole or a part of 
the angular pipe 132 manufactured are measured in ad- 
vance with a laser measuring apparatus . Then, an op- 
timumposition of insertion is calculated based on the 
measured data by using a computer. With this arrange- 
ment, it becomes asy to ins rt the angular pipes 132 
into the cavity 102, and it becomes possible to homog- 



enize the stress applied to the angular pipes 132. 
[0051] Further as shown in Fig. 6 and Fig. 2, dummy 
pip s 133 are inserted on both sides of each row of an- 
gular pipe that has five or seven cells within the cavity 

5 102. These dummy pipes 1 33 have objects of reducing 
the weight of the shell main body 1 01 , homogenizing the 
thickness of the shell main body 1 01 , and securely fixing 
the angular pipes 132. An aluminum alloy including bo- 
ron is also used for these dummy pipes 133, and thes 

10 dummy pipes 1 33 are manufactured in a process similar 
to that described above. These dummy pipes 133 can 
also be omitted. 

[0052] The processing of the cavity 102 within the 
shell main body 101 will be explained next. Fig. 7 is a 

15 schematic perspective view showing an apparatus for 
processing the cavity 102. This processing apparatus 
140 is constructed of a fixed table 141 that pierces 
through the shell main body 101 and that is fixedly 
mounted within the cavity 1 02, a movable table 1 42 that 

20 slides on the fixed table 1 41 in an axial direction, a sad- 
dle 143 that is fixedly positioned on the movable table 
142, a spindle unit 146 that is provided on the saddle 
143 and is constructed of a spindle 144 and a driving 
motor 145, and a face mill 147 provided on the spindle 

25 axis. A reaction force receiver 148 having a contacting 
section according to the inner shape of the cavity 102 is 
provided on the spindle unit 146. This reaction force re- 
ceiver 1 48 is detachable and slides in an arrow direction 
shown along a dovetail groove (not shown). The reac- 

30 tion force receiver 148 has a clamping unit 149 for 
clamping the spindle unit 1 46, and can be fixed at a pre- 
determined position. 

[0053] A plurality of clamping units 1 50 is fitted to with- 
in a groove at a lower part of the fixed table 141 . Each 

35 clamping unit 150 is constructed of a hydraulic cylinder 
1 51 , a wedge-shaped moving block 1 52 provided on the 
axis of the hydraulic cylinder 151, and a fixed block 1 53 
that is in contact with the moving block 152 on a sloped 
surface. A shaded side shown in the drawing is fitted to 

40 the inner surface of the groove formed on the fixed tab! 
1 41 . When the axis of the hydraulic cylinder 1 51 is driv- 
en, the moving block 1 52 is brought into contact with the 
fixed block 153, and the moving block 152 slightly 
moves downward due to the wedge effect (shown by a 
dotted line in the drawing) . As the lower surface of the 
moving block 1 52 is pushed against the inner surface of _ 
the cavity 102, the fixed table 141 can be fixed within 
the cavity 102. 

[0054] The shell main body 101 is mounted on a ro- 
50 tation supporting base 154 made of a roller, and is ro- 
tatable in a radial direction. A spacer 155 is inserted into 
between the spindle unit 146 and the saddle 1 43, there- 
by making it possible to adjust the height of the face mill 
1 47 on the fixed table 1 41 . The thickness of the spacer 
55 155 is the same as the size of one side of the angular 
pipe 132. The saddle 143 moves in a radial direction of 
th sh II main body 1 01 when a handle 1 56 provided on 
the moving table 1 42 is rotated. The move of the moving 
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table 1 42 is controll d by a servomotor 1 57 provided at 
an end of the fixed table 141 and a ball screw 158. As 
the processing proceeds, the shape within the cavity 
102 changes. Therefore, it is necessary to change the 
reaction force receiver 148 and the moving block 152 of 
the clamping mechanism with appropriate ones respec- 
tively. 

[0055] Fig. 8 shows schematic perspective views for 
explaining a method of processing the cavity. First, the 
fixed table 141 is fixed at a predetermined position within 
the cavity 102 by the clamping unit 150 and the reaction 
force receiver 1 48. Next, as shown in Fig. 8 (a), the spin- 
dle unit 146 is moved at a predetermined cutting speed 
along the fixed table 141 , thereby making the face mill 
147 cut the inner surface of the cavity 102. When the 
cutting at this position has been finished, the clamping 
unit 150 is removed and the fixing table 1 41 is released. 
Next, as shown in Fig. 8(b), the shell main body 101 is 
rotated by 90 degrees on the rolation supporting table 
154, and the fixed table 141 is fixed with the clamping 
unit 150. Then, the inner surface of the cavity 102 is cut 
with the face mill 147 in a similar manner. Thereafter, a 
similar process is repeated by two times. 
[0056] Next, the spindle unit 1 46 is rotated by 1 80 de- 
grees, and the inner surface of the cavity 1 02 is cut se- 
quentially as shown in Fig. 8(c). In this case, the shell 
main body 101 is also rotated by 90 degrees, and the 
above processing is repeated. Next, as shown in Fig. 8 
(d), the spacer 155 is inserted into between the spindle 
unit 146 and the saddle 143, thereby increasing the 
height of the spindle unit. At this position, the face mill 
147 is fed in an axial direction to cut the inner surface 
of the cavity 1 02. This is repeated while rotating the shell 
main body 1 01 by 90 degrees . Thus, an inner shape of 
the spindle necessary for inserting the angular pipes 
1 32 is substantially completed. The cutting of the portion 
where the dummy pipes 133 are inserted is also carried 
out in a similar manner to that shown in Fig. 8(d). How- 
ever, the thickness of the spacer for adjusting the height 
of the spindle unit 146 is the same as the size of one 
side of the dummy pipe 133. 

[0057] The used nuclear fuel aggregates that are ac- 
commodated in the cask 100 include a nuclear fission 
material and a fission product, and thus generate a ra- 
diation and involve decay heat. Therefore, it is neces- 
sary to securely maintain the heat-removing function, 
the shielding function and the criticality preventing func- 
tion of the cask 1 00 during the storage period (approx- 
imately 60 years) respectively. According to the cask 
100 relating to the first embodiment of the present in- 
vention, the inner surface of the cavity 102 of the shell 
main body 1 01 is mechanically processed to accommo- 
date the angular pipes 132 inside the cavity, in a state 
that the outside of the basket 1 30 is sealed (not space 
area). Further, the int rnal fins 107 ar provided be- 
tween the shell main body 1 01 and th ext rnal cylind r 
1 05. Therefor , th heat from the fuel bar is conduct d 
to the shell main body 101 through the angular pipes 



132 or the fill d helium gas, and is radiated from the 
external cylinder 105 mainly through the internal fins 
1 07. Based on the above structure, the thermal conduc- 
tivity of the heat from the angular pipes 1 32 is improv d, 
5 and it becomes possible to efficiently remove the decay 
heat. 

[0058] Further, the -y-rays generated from the used 
nuclear fuel aggregates is shielded by the shell main 
body 101 , the external cylinder 105 and the lid section 

10 1 09 made of carbon steel or stainless steel respectively. 
The neutron is shielded by the resin 106 to avoid an in- 
fluence of exposure to a person engaged in the radiation 
business. Specifically, the resin 106 is designed to be 
able to obtain a shielding function so that the surface 

15 dose equivalent rate becomes not higher than 2 mSv/h 
and the dose equivalent rate at 1 m height from the sur- 
face is not higher than 1 00 u.Sv/h. Further, as an alumi- 
num alloy including boron is used for the angular pipes 
132 thai constitute the cells 131 . it is possible lo absorb 

20 neutron and to prevent the neutron from reaching th 
criticality. 

[0059] As explained above, according to the cask 1 00 
relating to the first embodiment of the present invention, 
the inside of the cavity 102 of the shell main body 101 

25 is mechanically processed, and the angular pipes 132 
that structure the outer periphery of the basket 1 30 ar 
inserted into the cavity in a closely adhered state. Ther - 
fore, it is possible to improve the thermal conductivity of 
the heat from the angular pipes 132. Further, as the 

30 space area inside the cavity 1 02 can be eliminated, it is 
possible to make the shell main body 101 in compact 
and with reduced weight. Even in this case, the number 
of the angular pipes 132 that can be accommodated is 
not reduced. On the contrary, when the external diam- 

35 eter of the shell main body 101 is made the same as 
that of the cask shown in Fig. 16, it becomes possible 
to secure the number of cells by that amount, and it is 
possible to increase the number of used nuclear fuel ag- 
gregates that can be accommodated. Specifically, the 

40 cask 1 00 can accommodate 69 used nuclear fuel ag- 
gregates, and it is also possible to restrict the external 
diameter of the cask main body 116 to 2,560 mm and 
its weight to 120 tons. When the above structure is em- 
ployed, it has actually become possible to accommo- 

*5 date 69 used nuclear fuel aggregates after satisfying the 
required weight limit and the size limit of the cask. 
[0060] A modified example of the basket relating to 
the first embodiment of the invention will be explained 
next. Fig. 9 shows perspective views of a modified x- 

50 ample of the basket. While the above-described angular 
pipe 132 has a simple pipe shape, the basket may also 
be shaped to have three continuous cells 1 61 as shown 
in Fig. 9(a). The basket may also have four continuous 
cells 1 62 form d in a square shape as a whole (see Fig. 

55 9(b)), orthe bask t may hav three continuous cells 163 
formed in an L-shap (see Fig. 9(c)). The abov -de- 
scribed extrusion molding method may be used for man- 
ufacturing these angular pipes. In addition to these mod- 
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ified shapes, there may also be employed other shapes 
of the basket such as, for example : the basket having 
four continuous cells, those cells formed in a T-shape, 
etc. With this arrangement, it becomes easy to insert the 
angular pipes. 

[0061] Fig. 10 is a top plan view showing another 
modified example of the basket. This basket 170 has a 
structure that angular pipes 1 71 are laid out in a zigzag 
shape. Therefore, the cells 1 72 are formed by not only 
the inner surfaces of the angular pipes 171 but also by 
the outer surfaces of the adjacent angular pipes 1 71 . At 
each comer portion of the angular pipe 1 71 , a fillet 1 73 
is provided. In a state that the angular pipes 171 have 
been inserted into the cavity 102, the fillets 173 of the 
adjacent angular pipes 1 71 are butted against each oth- 
er, and this forms a constrained state as a whole . The 
thickness of each angular pipe is made larger than that 
of the angular pipe 1 32 in order to secure a predeter- 
mined neutron absorbing properly. The dummy pipes 
133 may be omitted in this case. 

[0062] Fig. 11 is a top plan view showing still another 
modified example of the basket. As shown in this draw- 
ing, a basket 180 may be formed in a structure having 
cells 182 in a lattice shape by combining corrugated 
plates 1 81 . A fillet 1 83 is provided at each corner portion 
of each corrugated plate 181. The comer portions are 
butted against the corner portions of the adjacent cor- 
rugated plates in a constrained state as a whole. An alu- 
minum alloy including boron that has neutron absorbing 
property is used for the corrugated plate 181. The thick- 
ness of each angular pipe is also made larger than that 
of the angular pipe 132 in order to secure a predeter- 
mined neutron absorbing property. The dummy pipes 
133 may be omitted in this case as well. 
[0063] Fig. 12 is a perspective view showing a cask 
relating to a second embodiment of the present inven- 
tion. This cask 200 has a structure that spacers 201 for 
thermal conduction are further provided on the cask 500 
shown in Fig. 16. These spacers 201 fill space areas S, 
and efficiently conduct heat from angular pipes 51 0 to a 
shell main body 501 . The material for the spacers 201 
is carbon steel that is the same as the material for the 
shell main body 501 . The spacers 201 are manufactured 
by casting or forging or by a mechanical processing ac- 
cording to the shapes of the space areas S. 
[0064] According to this cask 200 , as the space areas 
S are filled with the spacers 201 , it becomes possible to 
improve the thermal conductivity. Further, as it is possi- 
ble to improve the rigidness by the spacers 201 , it be- 
comes possible to make smaller the external shape of 
the shell main body 501 . As a result, the cask 500 can 
be provided in compact and in lightweight. 
[0065] Although the spacers 201 are inserted into the 
cavity 511 after the angular pipes 510 have been ins rt- 
ed into th cavity 511 in Fig. 12, the angular pipes 510 
may be inserted after the spacers 210 have been fas- 
tened to the inside of the cavity 511 with bolts. Further, 
as a predetermined Level of rigidness can be secured 



by the spacers 201 , the external shape of the shell main 
body 501 may be made small by that amount. 
[0066] Other material that can promote a thermal con- 
duction can also be used instead of the spacers 201 
5 shown in Fig. 1 2. For example, internal fins may be pro- 
vided between the angular pipes 510 and the shell main 
body 501 , and a resin maybe further provided between 
the internal fins (not shown) . Alternatively, dummy 
pipes formed according to the shapes of the space ar- 
eas S may be inserted (not shown). 
[0067] Fig. 13 is a cross-sectional view of a cask cut 
along a radial direction of the cask relating to a third em- 
bodiment of the present invention. According to a shell 
main body 301 of this cask 300, the inside of a cavity 
304 is not plane processed to bring angular pipes 303 
at the outer periphery into a complete contact with the 
cavity 304. 1 nstead , the inside of the cavity 304 has been 
processed such that a part of the angular pipes 303 is 
brought into conlacl with the inner surface of the cavity 
304 by remaining some space areas Sa. In other words, 
a plurality of grooves 305 are processed at twelve posi- 
tions of a cylindrical inner surface of the cavity 304 to 
allow a part of the angular pipes 303 to be engaged with 
these grooves 305. According to this structure, it be- 
comes possible to reduce the processing volume of the 
shell main body 301 , which improves productivity. Fur- 
ther, the number of portions at which the angular pipes 
303 are directly brought into contact with the shell main 
body 301 increases, and the space areas Sa within the 
cavity 304 can be made smaller. Therefore, it becomes 
possible to improve the thermal conductivity more than 
it is possible to improve by the cask 500 shown in Fig. 
16, though the thermal conductivity is lower than that 
obtained from the cask 1 00 of the first embodiment. Fur- 
ther, it becomes possible to make the cask 300 in com- 
pact and in lightweight. Other constituent elements of 
this cask 300 are the same as those of the cask 100 of 
the first embodiment, and therefore, their explanation 
will be omitted. 

[0068] Fig. 14 is a cross -sectional view of a cask cut 
along a radial direction of the cask relating to a fourth 
embodiment of the present invention. This cask 400 is 
characterized in that the internal shape of the cavity 
shown in the first embodiment has been modified to en- 
able 77 angular pipes 401 to be inserted into the cavity. 
In this structure, the thickness of a shell main body 402 
becomes smaller at four corners of the cavity 403. 
Therefore, auxiliary shielding units 404 for shielding the 
y-rays are provided at the four corners to reinforce the 
so shell main body 402. These auxiliary shielding units 404 
are made of carbon steel as the shell main body 401 is 
made of the same material. 

[0069] Based on the above structure, it is possible to 
increase the number of cells of a basket 405. Ther fore, 
55 it becomes possible to increase the number of accom- 
modating used nuclear fuel aggr gates. While the 
present embodim nt shows 69 and 77 cells, the cells 
may be used by other numbers so long as the angular 
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pip s 401 can be brought into contact with the inner sur- 
face of the cavity, subject to a condition that a predeter- 
mined weight and a predetermined external diameter 
can be secured. Other constitu nt elements of this cask 
300 are 400 the same as those of the cask 100 of the 
first embodiment, and therefore, their explanation will be 
omitted. 

[0070] Fig. 15 shows other modified example. This 
cask 450 has a structure that eight grooves 454 are me- 
chanically processed on the inner surface of a cavity 452 
of a shell main body 451 to allow a part of angular pipes 
453 to be engaged with these grooves, thereby increas- 
ing the number of accommodation of used nuclear fuel 
aggregates to 77. At portions where the thickness of the 
shell main body 451 becomes smaller, auxiliary shield- 
ing units 455 made of carbon steel for shielding the y- 
rays are provided to reinforce the shell main body 455, 
in a similar manner as described above. Further, spac- 
ers (not shown) may be inserted into space areas Sb 
between a basket 456 and the shell main body 451 to 
match the shapes of these space areas. Other constit- 
uent elements of this cask 450 are the same as those 
of the cask 200 of the second embodiment, and there- 
fore, their explanation will be omitted. 
[0071] Fig. 16 is a cross-sectional view of a cask cut 
along a radial direction of the cask relating to a fifth em- 
bodiment of the present invention. Fig. 17 and Fig. 18 
are views for explaining a structure of a basket of the 
cask shown in Fig. 16. This cask 600 is characterized 
in that a basket 601 is constructed by alternately com- 
bining a plurality of plates 602. In this combined status, 
the basket 601 is formed in approximately an angular 
cross section. A plurality of recesses 603 are formed on 
both sides of each plate 602 in its longitudinal direction. 
These plates 602 are combined together by mutually en- 
gaging the respective recesses 603. 
[0072] Although not shown in the drawing, the end of 
each plate 602 in its longitudinal direction may be cham- 
fered, or R may be formed on this end. Based on this 
arrangement, it is possible to smoothly insert used nu- 
clear fuel aggregates into the basket 601 without a 
scratch in the middle of the basket 601 . Thus, the basket 
601 having a plurality of cells 131 can be formed based 
on an alternated combination of the plates 602. As 
shown in Fig. 1 8, of the plates 602 used at both ends of 
the basket 601 , plates 602x at the side in one direction 
have their width in half. Therefore, the end of the basket 
601 is formed in a plane. 

[0073] For the plates 602, there are used an alumi- 
num composite or an aluminum alloy that is prepared 
by adding a powder of boron or a boron compound hav- 
ing neutron absorbing property to a powder of Al or Al 
alloy. Th se plates 602 ar manufactur d by xtrusion 
as explained in Fig. 4. The recesses 603 ar form d by 
cutting or punching aft rthe extrusion. Alternately, each 
plat 602 may be in a structure that a boron plat has 
be n adhered to an aluminum plate (not shown). 
[0074] Further, a thermal conductive plate 603 is pro- 



vid d between ends 602a of the plat s 602 that are po- 
sitioned at the outer periphery of the basket 601 as 
shown in Fig. 18. Each thermal conductive plate 603 is 
fixed by engaging its rec ss s 603a with projections 
5 602b provided at the end 602a of each plate 602, and 
fastening the thermal conductive plate with screws or by 
spot welding. Alternately, the thermal conductive plate 
603 maybe directly welded to the end surface of each 
plate, instead of providing the projections 602b. Based 
10 on these thermal conductive plates 603, it is possible to 
improve the thermal conductivity of decay heat gen r- 
ated from the used nuclear fuel aggregates from the 
plates 602 to a shell main body 1 01 . 
[0075] Further, dummy pipes 133 are inserted into 
is both sides of angular pipe strings having five or seven 
cells in the cavity 1 02. These dummy pipes 1 33 are pro- 
vided for the purpose of reducing the weight of the shell 
main body 101, making uniform the thickness of the 
shell main body 1 01 , and ensuring the fixing of the bas- 
20 ket 601 . These dummy pipes 1 33 are also manufactured 
by using an aluminum alloy including boron in a process 
similarto that explained above . It is also possible to omit 
these dummy pipes 1 33. Other structures are the same 
as those of the first embodiment, and therefore, their ex- 
25 planation will be omitted. Constituent elements that are 
the same as those of the first embodiment are attached 
with identical reference numbers. 
[0076] As explained above, according to the cask 
600, the internal shape of the cavity is formed to match 
30 the angular cross section of the basket 601 that has 
been constructed by combining the plates 602. Th re- 
fore, it is possible to avoid the space area within the cav- 
ity 102. As a result, it is possible to make the shell main 
body 101 compact and to reduce its weight. On the other 
35 hand, when the external diameter of the shell main body 
101 is set the same as that of the cask shown in Fig. 19, 
it is possible to secure cells by the number correspond- 
ing to this diameter. Therefore, it is possible to increase 
the number of accommodating the used nuclear fuel ag- 
40 gregates. Further, based on the provision of the thermal 
conductive plates 603, it is possible to effectively re- 
lease the decay heat. 

[0077] In the first to firth embodiments, the description 
has been made based on the assumption that the used 

45 nuclear fuel aggregates of the PWR type atomic furnace 
are accommodated. It is also possible to employ a struc- 
ture similar to that explained above when the used nu- 
clear fuel aggregates of the BWR type atomic furnac 
are accommodated. In the case of the used nuclear fu I 

so aggregates of the BWR type atomic furnace, it is n c- 
essary to increase the size of the latticed cells. In this 
case, the cells need not be arranged in order, and adja- 
cent cells may be out of order, as they have been g n- 
erally mployed in the past. 

55 [0078] As explained above, according to the cask of 
th present invention , the shape of the inside of a cavity 
of a sh ll main body that has a neutron shielding unit at 
its outer periphery and shields the y-rays is matched with 
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the ext rnal shape of a bask t that has latticed cells 
structured by a plurality of angular pipes having neutron 
absorbing property. Therefore, th angular pipes at the 
outermost side are brought into a plane contact with the 
inner surface of the cavity, and there is generated no 
space area between the angular pipes and the cavity. 
As a result, the thermal conductivity can be improved, 
and it also becomes possible to increase the number of 
accommodation of used nuclear fuel aggregates. Fur- 
ther, it becomes possible to make the cask in compact 
or in lightweight. 

[0079] According to the cask of the next invention, a 
part of the inside of the cavity is matched with the exter- 
nal shape of the basket. Therefore, the thermal conduc- 
tivity can be improved, though it is not so high as that 
obtained from the above-described cask, and it also be- 
comes possible to increase the number of accommoda- 
tion of used nuclearfuel aggregates. Further, it becomes 
possible to make the cask in compact or in lightweight. 
[0080] According to the cask of the next invention, the 
shape of either one of the inner surface of a cavity of a 
shell main body that has a neutron shielding unit at its 
outer periphery and shields the y-rays and the outer sur- 
face of a basket that has latticed cells structured by a 
plurality of angular pipes having neutron absorbing 
property, is matched with the shape of the other. There- 
fore, the thermal conductivity can be improved, and it 
also becomes possible to increase the number of ac- 
commodation of used nuclearfuel aggregates. Further, 
it becomes possible to make the cask in compact or in 
lightweight. 

[0081] According to the cask of the next invention, 
dummy pipes are further provided, and the shape of a 
portion within the cavity that has room in the thickness 
of the shell main body is matched with the shape of the 
dummy pipes, whereby the dummy pipes are inserted 
into the cavity together with the basket in a state that 
the dummy pipes are in contact with the angular pipes . 
Therefore, it is possible to further reduce the weight of 
the cask, and it is possible to improve the thermal con- 
ductivity. 

[0082] According to the cask of the next invention, 
auxiliary shielding units for shielding the 7-rays are fur- 
ther provided at portions of the outermost side of the 
shell main body that has a small thickness of the shell 
main body. Therefore, it is possible to obtain effects sim- 
ilar to those described above without lowering the 7-rays 
shielding capacity. 

[0083] According to the cask of the next invention, 
spacers are provided between a basket and a cavity. 
Therefore, it is possible to improve the thermal conduc- 
tivity of decay heat generated from the used nuclearfuel 
aggregates. 

[0084] According to the cask of the next invention, a 
plurality of angular pipes that constitute the basket are 
integrated together before they are inserted into the cav- 
ity. Therefore, it b comes easy to assemble the cask. 
Further, as there is no contact interface between the an- 



gular pipes, it becomes possible to improve the thermal 
conductivity. 

[0085] The cask of the next inv ntion comprises a 
basket having a plurality of latticed cells formed for ac- 

5 commodating used nuclear fuel aggregates, by bun- 
dling a plurality of angular pipes having a neutron ab- 
sorbing material added to a structural material; a shell 
main body having a cylindrical cavity that has been 
forged from ay-rays shielding material, and that is plane 

10 processed by matching the shape of the inside of this 
cavity with the external shape of the basket formed by 
the angular pipes; and a neutron shielding unit having 
a plurality of internal fins extended between the shell 
main body and an external cylinder, and for shielding 

is neutrons filled in a space formed by the shell main body, 
the external cylinder and the internal fins, whereby the 
angular pipe are sequentially inserted into the cavity to 
structure the basket while bringing the outer surface of 
the basket into contact with the inner surface of the cav- 

20 ity. Therefore, the thermal conductivity can be improved, 
and it also becomes possible to increase the number of 
accommodation of used nuclear fuel aggregates. Fur- 
ther, it becomes possible to make the cask in compact 
or in lightweight. 

25 [0086] According to the cask of the next invention , th 
shape of the inside of a cavity of a shell main body that 
has a neutron shielding unit at its outer periphery and 
shields the y-rays is matched with the external shape of 
a basket that has a latticed angular cross-sectional 

30 shape by alternately combining in an orthogonal direc- 
tion a plurality of plates having neutron absorbing prop- 
erty. Further, each used nuclear fuel aggregate is ac- 
commodated in each cell of the basket inserted into the 
cavity. Therefore, it is possible to make smaller the ex- 

35 ternal diameter of the shell main body. As a result, it is 
possible to make the cask compact or to reduce its 
weight. 

[0087] According to the cask of the next invention, a 
part of the inside of the cavity is matched with the exter- 
40 nal shape of the basket. As a result, it is possible to mak 
the cask compact or to reduce its weight, although not 
to such a high level achieved in the above cask accord- 
ing to the ninth aspect. 

[0088] According to the cask of the next invention, 
45 dummy pipes are further provided, and the shape of a 
portion within the cavity that has room in the thickness 
of the shell main body is matched with the shape of the 
dummy pipes . Further, the dummy pipes are inserted 
into the cavity together with the basket in a state that 
so the dummy pipes are in contact with the plates. As a 
result, it is possible to further reduce the weight of the 
cask, and to improve the thermal conductivity. 
[0089] According to the cask of the next invention, 
when the basket is constructed by combining the plates, 
55 a thermal conductive plate is provided between the end 
of each plate positioned at the out r periph ry of the 
basket and the end of the other plate. Therefore, it be- 
comes possible to improve the thermal conductivity from 
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the plates to the shell mainbody. As a r suit, It is possible 
to increase the number of accommodating the used nu- 
clear fuel aggregates. 

INDUSTRIAL APPLICABILITY 

[0090] As explained above, the cask of the present 
invention is useful for improving the thermal conductivity 
of used nuclear fuel aggregates that have finished com- 
bustion, and for accommodating and storing the used 
nuclear fuel aggregates by increasing the accommoda- 
tion number. Further, the cask of the present invention 
is compact and light weight. 



Claims 

1. A cask having a structure that the shape of the in- 
side of a cavity of a shell main body that has a neu- 
tron shielding unit at its outer periphery and shields 
the y-rays is matched with the external shape of a 
basket having an angular cross section that is struc- 
tured by a plurality of angular pipes having neutron 
absorbing property in a status that these pipes are 
inserted into the cavity, whereby each used nuclear 
fuel aggregate is accommodated in each cell of the 
basket inserted into the cavity. 

2. The cask according to claim 1 , wherein a part of the 
inside of the cavity is matched with the external 
shape of the basket. 

3. A cask having a structure that the shape of either 
one of the inner surface of a cavity of a shell main 
body that has a neutron shielding unit at its outer 
periphery and shields the y-rays and the outer sur- 
face of a basket that has latticed cells structured by 
a plurality of angular pipes having neutron absorb- 
ing property, is matched with the shape of the other, 
whereby each used nuclear fuel aggregate is ac- 
commodated in each cell of the basket inserted into 
the cavity. 

4. The cask according to any one of claims 1 to 3, 
wherein dummy pipes are further provided, and the 
shape of a portion within the cavity that has room in 
the thickness of Ihe shell main body is matched with 
the shape of the dulruny pipes, whereby the dummy 
pipes are inserted into the cavity together with the 
basket in a state that the dummy pipes are in con- 
tact with the angular pipes. 

5. Th cask according to any one of claims 1 to 4, 
wher in auxiliary shielding units for shi Iding the y- 
rays are further provided at portions of the outer- 
most side of the shell main body that has a small 
thickness of the shell main body. 



6. A cask having a structure that spacers are provided 
b tween a cavity of a shell main body that has a 
neutron shielding unit at its outer periphery and 
shields the y-rays and a basket that has latticed cells 
5 structured by a plurality of angular pipes having 

neutron absorbing property, whereby each used nu- 
clear fuel aggregate is accommodated in each cell 
of the basket inserted into the cavity. 

10 7. The cask according to any one of claims 1 to 6, 
wherein a plurality of angular pipes that constitute 
the basket are integrated together before they are 
inserted into the cavity. 

15 8. A cask comprising: 

a basket having a plurality of latticed c Us 
formed for accommodating used nuclear fuel 
aggregates, by bundling a plurality of angular 
20 pipes having neutron absorbing material added 

to a structural material; 

a shell main body having a cylindrical cavity that 
has been forged from a y-rays shielding mate- 
rial, and that is plane processed by matching 
25 the shape of the inside of this cavity with the 

external shape of the basket constructed of the 
angular pipes; and 

a neutron shielding unit having a plurality of in- 
ternal fins extended between the shell main 
30 body and an external cylinder, and for shielding 

neutrons filled in a space formed by the shell 
main body, the external cylinder and the inter- 
nal fins, wherein 

the angular pipe are sequentially inserted into 
35 the cavity to structure the basket while bringing 

the outer surface of the basket into contact with 
the inner surface of the cavity. 

9. A cask having a structure that the shape of the in- 
40 side of a cavity of a shell main body that has a n u- 
tron shielding unit at its outer periphery and shields 
the y-rays is matched with the external shape of a 
basket that has a latticed angular cross-sectional 
shape by alternately combining in an orthogonal di- 
45 rection a plurality of plates having neutron absorb- 
ing property, whereby each used nuclear fuel ag- 
gregate is accommodated in each cell of the basket 
inserted into the cavity. 

50 1 o. The cask according to claim 9, wherein a part of the 
inside of the cavity is matched with the external 
shape of the basket. 

11 . Th cask according to claim 9 or 1 0, wh rein dum- 
55 my pip s are further provided, and the shape of a 
portion within the cavity that has room in the thick- 
n ss of the shell main body is matched with the 
shape of the dummy pipes, whereby the dummy 
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pipes are inserted into the cavity together with the 
basket in a state that the dummy pipes are in con- 
tact with the plates. 

12. The cask according to any one of claims 9 to 11, 5 
wherein when the basket is constructed by combin- 
ing the plates, a thermal conductive plate having a 
contact with the cavity wall is provided at the end of 
each plate positioned at the outer periphery of the 
basket. *° 

13. The cask according to any one of claims 9 to 11, 
wherein when the basket is constructed by combin- 
ing the plates, a thermal conductive plate is provid- 
ed between the end of each plate positioned at the is 
outer periphery of the basket and the end of the oth- 
er plate. 
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